Abstract-The synthetic activity of rat gastric sulfated glycoproteins (SGP) in vitro was investigated at various time intervals after water immersion stress using 3 5 Ssulfate as a precursor. More than 90 percent of the total radioactivity was incorporated into mucosal SGP, and the rest was incorporated into glycosaminoglycans in the gastric muscular layer. The incorporation of 35S-sulfate into SGP increased at 2 hr and decreased at 6 hr after the onset of stress. The incorporating activity again increased markedly at 12 hr and then recovered to the normal level at 24 hr after the onset of stress. An anti-ulcer agent, N-(N-acetyl-8-alanyI)-L-histidine aluminum complex (AAHA), significantly increased the SGP synthetic activity at 12 hr and at 24 hr after the onset of stress. It was indicated from the elution patterns on the DEAE-cellulose column that AAHA increased the amount of highly sulfated glycoproteins compared with the stress control at 12 hr after the onset of stress. The uronic acid content in the gastric muscular layer of the rat was unchanged with stress. These results in the in vitro experiment indicate that the SGP synthetic activity does not decrease with stress load, but rather increases at 2 hr and at 12 hr after the onset of stress when a sufficient amount of 35S-sulfate is supplied. Accordingly, it is suggested that SGP facilitates the restoration of the gastric mucosal damage caused by stress.
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It has been reported by many investigators that erosions and hemorrhages of the gastric mucosa produced by anti-inflammatory drugs or stress load were associated with impaired mucus production, and the alterations in the production of mucus may account for the decrease in its protective capacity (1) (2) (3) (4) (5) (6) . It is thought that the increased biosynthesis of gastric glycoproteins and glycosaminoglycans may be predominant factors in the protection and healing of gastric ulcers (7) . Glycoproteins including sulfated glycoproteins (SGP) were isolated from gastric juice and gastric mucosa (8) (9) (10) (11) (12) (13) , and their biosynthesis were investigated using radioactive precursors (14) (15) (16) 
The elution pattern of macromolecular glycoprotein fraction (peak I) on a column of DEAE-cellulose (DE-52) is shown in Fig. 2 . 35S-Labeled glycoproteins were eluted with both the equilibrium buffer (peak I-a) and an increasing concentration of NaCl (peak I-b). Time course of the incorporation of 35S-sulfate and the release of the 35S-labeled glycoproteins into the medium: As shown in Fig. 3, 35S -sulfate was incorporated linearly into the macromolecular glycoprotein fraction (peak I) throughout the experimental period. 35S-labeled glycoproteins were released into the medium with incubation time. The amount of radioactivity released into the medium was much less than that of the tissue.
Changes in the incorporating activity of 35S-sulfate into SGP in restrained and water immersed rat: The rat gastric tissue separated at various time intervals after water immersion stress was analyzed for radioactivity in the gastric macromolecular glycoprotein fraction (peak I) after the incubation with 35S-sulfate. Figure 4 shows changes in the incorporating activity of 35S-sulfate into SGP per gram tissue with a lapse of time after the onset of stress. The SGP synthetic activity increased at 2 hr after the onset of stress, while gastric injury was not observed macroscopically. Then it decreased at 6 hr, while severe hemorrhagic erosions were visible. It was followed by a rapid increase at 1 2 hr and recovered to the normal level at 24 hr. AAHA inhibited erosions induced by water immersion stress at 6 hr after the onset of stress; the inhibition was about 50% at Hexose was detected by the phenol/H2SO4 method (absorbance at 490 nm 1,000 mg/kg body weight when AAHA was administered orally, but no effect on the SGP synthetic activity was observed. The inhibitory effect of AAHA on erosions at 12 and 24 hr did not increase compared with that at 6 hr, but the incorporating activity of 35S-sulfate was significantly increased. Fractionation of gastric macromolecular glycoproteins (peak I) by DEAE-cellulose column chromatography: Figure 5 shows the elution patterns of the stress control and AAHA treated sample on the DEAEcellulose column (DE-52). When the macromolecular glycoprotein fraction (peak I) obtained from gel filtration was chromato- Fig. 4 Peak I obtained by the Bio Gel A-1.5 m column from 3 rats were pooled and applied to the DEAE-cellulose column (DE-52) and eluted with a linear gradient of 0-0.4 M NaCl. Their elution patterns at 6 hr and 12 hr are shown in Fig. 5 . AAHA (1.000 mg/kg) was given orally 30 min before the stress load. Discussion It is well known that the gastric surface mucosal cells produce a large amount of glycoproteins with the concomitant death of the cells, and these gastric glycoproteins including sulfated glycoproteins (SGP) are important in protecting the underlying mucosa from peptic digestion. There are many reports about the relationship between gastric mucosal damage and the synthesis of gastric glycoproteins (1) (2) (3) (4) (5) (6) . It has been demonstrated that the mucosal SGP had apparent peptic inhibitory activity due to the binding of SGP to the protein substrate for pepsin and protected the gastric mucosa! components from peptic digestion (24) . It was found from the present study that the gastric tissues were able to synthesize SGP in vitro and newly synthesized SGP released into the medium was only 10 percent. Liau and Horowitz (14) reported in an in vitro experiment that the medium fraction contained a large amount of 35S-labeled glycosaminoglycan and glycoprotein.
This may be attributed to the differences in the experimental system (incubation medium, tissue preparation, fractionation, etc.). It has been observed in in vivo studies that the incorpration of 35S-sulfate into the gastric mucosal SG P significantly decreased in the restrained rats (17) (18) (19) .
Such a rapid decrease in the incorporating activity of 355-sulfate can be best explained by assuming that the supply of 35S-sulfate into the locus of the gastric macromolecular glycoprotein synthesis was remarkably decreased, possibly through the reduction of the mucosal blood flow (19) . However, the influence of the mucosal microcirculation on the glycoprotein synthesis can be eliminated in the in vitro study. The results obtained here indicate that the SGP synthetic activity does not decrease at least during the test period with stress load, but rather increases at 2 hr and at 12 hr after the onset of stress when a sufficient amount of 35S-sulfate is supplied. The increase in the SGP synthetic activity may represent the defensive reaction of the gastric tissue against stress.
It has been reported that highly sulfated glycoproteins showed stronger inhibitory activity to peptic digestion (24) . Therefore, we carried out a further investigation on the DEAE-cellulose column. The elution patterns showed that peak I-a was less sulfated than peak I-b. Moreover, we demonstrated from the pulse-chase experiment that highly sulfated glycoproteins (peak I-b) could be synthesized from less sulfated glycoproteins (peak I-a) (Data not shown). A slight amount of hexose was detected in the SGP fraction (peak 1-b). In contrast to hexose content, high radioactivities of 3H and 35S in this fraction were observed. This suggests that SGP has a high rate of turnover.
The major portion of radioactivity was incorporated into SGP in the gastric mucosa, and the incorporation into sulfated glycosaminoglycans in the muscular layer was very low. The uronic acid content in the muscular layer was unchanged with stress. Accordingly, It was considered that the contribution of glycosaminoglycans in stress-induced ulcer was very small.
It was reported that macromolecular glycoproteins with or without sulfate groups decreased before the macroscopic changes of the mucosa appeared in aspirin-induced ulcer (5). Thus, it was suggested that the decreased mucous glycoprotein in mucosa would have a harmful effect on the protection of mucosa from peptic digestion. In our present study on stress-induced ulcer, it was indicated that SGP had the important role of assisting the healing process of damaged mucosa since the SGP synthetic activity (highly sulfated glycoproteins) remarkably increased at 12 hr after the onset of stress when the gastric tissue was directed toward the healing process.
An anti-ulcer agent. AAHA, has been reported to have a potent inhibitory effect on the formation of various types of acute gastric ulcers or erosions in rats (25) . It was proved from the present study that AAHA had a stimulatory effect on the SGP synthesis, particulary the synthesis of highly sulfated glycoproteins at 12 hr after the onset of stress. This suggests that AAHA exerts its effect on the healing process. One of the authors previously reported that an anti-ulcer agent, 2-carboxymethoxy-4,4'-bis(3-methyl-2-butenyloxy)chalcone (SU-88), which has a stimulatory effect on the gastric mucosa! microcirculation (26) (27) (28) , increased the incorporation of 35S-sulfate in vitro (19) . In contrast to SU-88, AAHA has no effect on the improvement of the mucosal microcirculation. The effect observed here may be attributed to its direct action on the SGP synthesizing cells.
In conclusion, our in vitro study shows that the SGP synthetic activity does not decrease with stress load, but rather increases at 2 hr and at 12 hr after the onset of stress. This strongly suggests that SGP facilitates the restoration of the gastric mucosa damaged by stress.
